Background: The prevalence of penetrating wartime trauma to the extremities has increased in recent military conflicts.
our knowledge, there has been no adequate guidance in the available literature to definitively support performing one particular method [10] [11] [12] [13] . The purpose of this study was to evaluate and compare the functional outcomes in two types of unilateral transtibial amputees, those with a bridge synostosis (modified Ertl procedure) and those without (modified Burgess procedure), as assessed by two validated outcome measures, the Prosthesis Evaluation Questionnaire (PEQ) 14 and Short Form-36 (SF-36) 15 .
Materials and Methods

F
ollowing approval from our institutional review boards, we reviewed the prospective military amputee database to identify patients who had undergone transtibial amputations for combat-related injuries between June 2003 and December 2010 at our institutions; of the three original institutions, two (Walter Reed Medical Center and National Naval Medical Center) have since been consolidated. Inclusion criteria were isolated transtibial amputations without severe injury (defined as an abbreviated injury score ‡3 points) to the contralateral or proximal ipsilateral extremity, spine or pelvis, no severe traumatic brain injury, and no more than mild heterotopic ossification in the injured limb 16 . Of a total of 441 potential candidates with unilateral transtibial amputations who were identified from the amputee database, 155 met preliminary study inclusion criteria. We attempted to locate and contact these patients to match them on the basis of age and mechanism of injury at a 1:1 ratio between the two treatment cohorts, those with modified Ertl transtibial amputations and those with modified Burgess transtibial amputations.
Patients were contacted by phone or mail, were asked to provide consent for study participation, and were asked to complete the SF-36 15 and PEQ 14 ,
as well as three brief questions regarding running activity, walking, and prosthesis wear endurance. Ultimately, seventy-nine patients could not be located or reached, eleven declined to participate, and sixty-five completed the requested questionnaires. Once the process of informed consent was complete, patient medical records were retrospectively reviewed for data regarding age, sex, mechanism of injury, associated injuries, and timing of amputation. Operative techniques for both types of amputation are relatively consistent among surgeons at our institutions, with only minor differences. The indications for the bridge synostosis were clinical or radiographic evidence of tibiofibular instability for a minority of patients, and were determined by surgeon and/or patient preference for the majority 17 . Our preferred techniques for performing both modified Ertl and modified Burgess transtibial amputations have been previously described 17, 18 .
Statistical Analysis
Statistical analysis was performed with JMP 9 statistical software (SAS, Cary, North Carolina). Descriptive statistics were used for all data. Frequency data for patient demographic characteristics (e.g., mechanism of injury and amputation timing) were analyzed with use of Fisher exact or chi-square analysis, as appropriate. Means of continuous variables were compared with use of the Wilcoxon signed-rank test for most data, which demonstrated skewed distributions, and the Student t test for those data that were normally distributed. Residual limb length, treated as a continuous variable, was compared with individual domains of the SF-36 and PEQ with use of the standard least-squares regression analysis. Significance was set at a £ 0.05, and all p values presented are two-tailed. Analysis of covariates (ANCOVA) was also performed, adjusting for propensity score. An a priori power analysis demonstrated that, to detect a fifteen-point difference in the mean PEQ and SF-36 scores between groups at a significance level of 0.05 and 80% power and assuming 20% standard deviation within groups, a sample size of twenty-eight subjects per group would be needed. Our null hypothesis was that there were no significant differences between the modified Ertl and Burgess groups. 
Source of Funding
Results
O
f 155 possible study participants, sixty-five returned the outcome questionnaires, reflecting a 42% response rate in this patient population. Because of the difficulty in locating many candidate patients and obtaining consent from only a few, as well as the irregular timing with which surveys were returned, the planned 1:1 ratio between treatment cohorts could not be precisely maintained, resulting in twentyseven patients in the modified Ertl cohort and thirty-eight patients in the modified Burgess cohort. All enrolled subjects were male. Patient ages and mechanisms of injury were similar between cohorts. The mean duration following amputation (and standard deviation) was 32 ± 22.7 months, which was also similar between groups (Table I) . Residual limb length was significantly longer in the modified Ertl cohort by 24.9 mm (p < 0.005), and significantly more modified Ertl patients underwent delayed amputation (p < 0.005), defined as amputation more than twelve weeks after injury. There were no significant differences between treatment cohorts with regard to any of the functional or health-related quality-of-life outcome variables assessed (Table II) . We observed no floor effect (>20% of responses are the lowest possible value) or ceiling effect (>20% of responses are the highest possible value) for any domain of the SF-36 or subsection of the PEQ. There was a correlation between residual limb length in the modified Ertl cohort, treated as a continuous variable, and the frustration subsection of the PEQ (p < 0.005; adjusted R 2 , 0.36) as well as the number of hours of prosthesis use per twenty-four-hour period (p = 0.03; adjusted R 2 , 0.14). No significant associations of functional outcome with residual limb length were observed in the modified Burgess cohort.
Discussion
F unctional outcomes following trauma-related lowerextremity amputation continue to be studied. The Lower Extremity Assessment Project (LEAP) study group examined functional outcomes following trauma-related lower-extremity amputation and subsequently reported longer-term follow-up of civilian patients who had undergone amputation compared with those who had undergone limb salvage 19, 20 . They found that limb-salvage reconstruction for the treatment of injuries at or distal to the knee resulted in functional outcomes equivalent to those of amputation. Furthermore, regardless of the treatment option, long-term functional outcomes were often poor. Patient demographic characteristics that were significantly associated with worse outcomes included older age, female sex, nonwhite race, lower education level, living in a poor household, current or previous smoking habit, low self-efficacy (a subjective measure of one's own competence to complete tasks and reach goals), poor self-reported health status before the injury, and involvement with the legal system in an effort to obtain disability payment 19, 20 . Our patients were all active-duty military personnel at the time of injury, had been wounded in a war zone, and typically lacked most of the negative prognostic characteristics listed above.
It has also been well documented that even highfunctioning trauma-related amputees continue to have perceived physical limitations and pain. Smith et al. 21 retrospectively reviewed seven years of transtibial amputees and found that the SF-36 Health Status Profile scores were significantly decreased from published normal age-matched scores in the categories of physical function and role limitations because of physical health problems and pain. Similarly, Gunawardena et al. 22 found that differences in profiles for traumatic warinjured soldiers with unilateral transtibial amputations compared with uninjured age matched controls were largest in scales sensitive to physical health. More proximal levels of amputation and problems with the residual limb and the uninjured leg were significantly associated with poor physical and mental health scores. It is unclear why our patients seem to compare more favorably with age-matched healthy controls, but our patients were all young and previously healthy and active prior to injury. Recent advances in prosthetic engineering may have also improved functional outcomes and patient comfort, although the LEAP study did not detect a correlation between functional outcome and technologically advanced prostheses 19 . Additionally, the robust interdisciplinary team approach to amputee management in the military system may result in achieving more successful outcomes.
Controversy remains in the orthopaedic and prosthetic literature regarding which surgical technique should be performed to obtain the best functional residual limb with transtibial amputations [1] [2] [3] [4] [5] [6] [7] [8] [9] 23 . Most military surgeons utilize a long posterior gastrocnemius myocutaneous flap for soft-tissue closure when available, or flaps of opportunity if amputation is performed within the zone of injury 9 . With regard to the osseous reconstruction, some believe that the bridge synostosis method of amputation provides a sturdier and more functional end-bearing residual limb 6, 12, 13 compared with the more frequently performed transtibial amputation described by Burgess et al. 2 . Anecdotally, however, some patients and prosthetists report improved performance and prosthetic comfort with the bridge synostosis. Despite the relative paucity of evidence, some patients undergoing transtibial amputation have specifically requested a bridge synostosis procedure, and others with existing traditional amputations have requested revision, after learning of putative benefits of the amputation described by Ertl. In 1949, von Ertl 6 wrote about an approach to transtibial and transfemoral amputation that had been used in the 1920s to manage injured Hungarian soldiers. Flexible bone graft and osteomyoplastic flaps were employed to ostensibly enhance prosthetic end-bearing and tolerability. The original surgical procedure consisted of using flexible cortico-periosteal flaps harvested after subcortico-periosteal resection of the osseous stumps to create a bridge of mature bone between the distal part of the tibia and the distal part of the fibula. von Ertl felt this procedure permitted a more end-bearing residual limb, likened to the heel of the foot. Moreover, he believed that the approximation of antagonistic muscles and sealing of the intramedullary canal afforded a more normal physiological state of the limb and helped prevent muscle atrophy. To date, to our knowledge, there has been no adequate guidance in the available literature to definitively support performing this method as opposed to the traditional Burgess amputation or another similar amputation.
J.W. Ertl et al. 24 reported at the American Academy of Orthopaedic Surgeons Annual Meeting in 1997 on 143 patients with 150 symptomatic transtibial amputations that underwent revision to a bridge synostosis. The primary amputations were performed as a result of trauma in 63%, vascular disease in 28%, infection in 7%, and tumor in 2% of cases. Over 92% reported a good or excellent outcome. Similarly, Deffer et al. 10 reported a five-year follow-up in 155 soldiers with the bonebridge synostosis. Most patients required a revision after open guillotine amputation. Thirty-eight patients underwent autologous bone graft. Fifteen patients developed postoperative infection but only four patients developed a compromised formation of the terminal synostosis. All amputated patients achieved prosthesis usage. Dougherty 11 reported a twenty-eight-year follow-up on seventy-two posttraumatic Vietnam War veterans who underwent amputation. Isolated transtibial amputees and transtibial amputees with additional injury were assessed subjectively to ascertain overall well-being and family situation and were also asked to complete the SF-36. There was an increased need for psychological care and more substantial long-term consequences for patients with additional injuries. Forty-two bone-bridge synostosis amputees were also compared with thirty traditional transtibial amputees. No significant differences were found between the two groups. Pinto and Harris 12 reported the results of their clinical experience with fifteen patients, five of whom underwent revision amputations. All patients produced a solid synostosis clinically within eight to ten weeks and were rehabilitated with use of a prosthesis. Complications included a fibula bone-bridge dislocation due to a fall on postoperative day 2, which required revision. Additionally, a wound dehiscence in a patient with diabetes required six months of local wound care to heal. Pinzur et al. 13 compared thirty-two patients of multiple ages with multiple diagnoses who had bone-bridging of the distal tibia and fibula at the time of transtibial amputation with those of a selected group of seventeen highly functional traditional transtibial amputees and found that the bone-bridging group had scores on the PEQ that were better than or comparable with those of the highfunctioning traditional amputee group. The authors suggest that bone-bridging at the time of transtibial amputation may enhance patient perceived functional outcomes. However, these results were not reproduced when Pinzur and coauthors 25 more recently compared these findings with a small cohort of eight American amputees who had undergone modified Ertl procedures. Finally, Taylor et al. 26 recently reported improved sickness impact profile scores among twenty-six patients with modified Ertl amputations compared with ten patients with traditional transtibial amputations. However, the study was limited by substantial reported differences in patient selection, surgical indications, and comorbidities, as well as differing postoperative protocols and durations of follow-up. Our results most closely mirror those obtained by Dougherty 11 and the most recent publication by Pinzur et al. 25 on this topic, utilizing data obtained from the SF-36 and PEQ, and are strengthened modestly by our three functional questions. We were unable to demonstrate an appreciable difference in functional outcomes between the two cohorts in any measured outcome variable. We observed no benefit for the bridgesynostosis group, despite having a longer residual limb and being more frequently performed in the somewhat elective setting of a late amputation. When planning which type of procedure to perform, several additional factors must be considered. Gwinn et al. 27 found that the bone-bridge transtibial amputation technique requires more surgical and tourniquet time because of additional intraoperative surgical steps being performed. However, both amputation techniques have comparable rates of shortterm wound complications and associated blood loss. Additionally, amputation closure performed within the zone of injury is a significant predictor of subsequent wound problems regardless of the amputation technique used. Tintle and coauthors 17 reported that reoperations were needed at a significantly greater rate overall and for noninfectious complications following bone-bridge synostosis compared with modified Burgess transtibial amputations. Additionally, despite the putative positive selection bias favoring the bridge synostosis cohort, infection rates were not lower in that group. Finally, given the concern for the potential confounding effect of this selection bias on the results, we performed a propensity score analysis in an attempt to control for the nonrandom selection of patients to either the modified Ertl group or the modified Burgess group. After adjusting for propensity score 28 , we still observed no demonstrable difference between groups.
We recognize the limitations of the current study. The number of subjects was limited and the number of candidate subjects who could not be reached or chose not to respond was relatively high, which may affect our ability to reject the null hypothesis. As such, the study may be underpowered to detect a small or even modest difference in the outcome measures used. We believe that this potential limitation is directly related to the low response rate observed. Alternatively, it is also possible that our outcome measures may not be sensitive enough to discern a difference between the two groups. Perhaps an array of highdemand physical tasks performed in a controlled gait laboratory or similar environment allowing the amputees to effectively test the limits of the residual limbs might demonstrate a difference between these two treatment groups. Nevertheless, these cohorts represent a carefully selected combat-wounded patient population with isolated single-extremity trauma.
In conclusion, health-related quality-of-life and prosthesisspecific outcomes are similar among male military patients undergoing either a modified Ertl transtibial amputation or a modified Burgess transtibial amputation, and appear to be independent of these surgical techniques. Any benefit in terms of quality of life or prosthetic-specific function associated with the bridge synostosis procedure could not be demonstrated by this study. Given these findings, coupled with the additional associated risks of increased surgical time and complications noted in previous investigations, we do not recommend the routine performance of the bridge-synostosis transtibial amputation technique in this patient population. Prospective randomized trials with more sensitive outcome measures are needed to better define which patients, if any, for whom the bridge-synostosis procedure may be most beneficial. n
